Acidic phospholipids inhibit the DNA-binding activity of DnaA protein, the initiator of chromosomal DNA replication in Escherichia coli.
In order to initiate chromosomal DNA replication in Escherichia coli, the DnaA protein must bind to both ATP and the origin of replication (oriC). Acidic phospholipids are known to inhibit DnaA binding to ATP, and here we examine the effects of various phospholipids on DnaA binding to oriC. Among the phospholipids in E. coli membrane, cardiolipin showed the strongest inhibition of DnaA binding to oriC. Synthetic phosphatidylglycerol containing unsaturated fatty acids inhibited binding more potently than did synthetic phosphatidylglycerol containing saturated fatty acids, suggesting that membrane fluidity is important. Thus, acidic phospholipids seem to inhibit DnaA binding to both oriC and adenine nucleotides in the same manner. Adenine nucleotides bound to DnaA did not affect the inhibitory effect of cardiolipin on DnaA binding to oriC. A mobility-shift assay re-vealed that acidic phospholipids inhibited formation of a DnaA-oriC complex containing several DnaA molecules. DNase I footprinting of DnaA binding to oriC showed that two DnaA binding sites (R2 and R3) were more sensitive to cardiolipin than other DnaA binding sites. Based on these in vitro data, the physiological relevance of this inhibitory effect of acidic phospholipids on DnaA binding to oriC is discussed.